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U N I V E R S I T Y  OF A R K A N S A S  1201 MOALMORT 

GRADUATE INSTITUTE OF TECHNOLOGY 

April 27, 1965 

Dr .  T. L. K. Smull, Director 
Grants and Research Contracts Division 
Office of Space Science and Applications 
Code Sc 
National Aeronautics and Space Administration 
Washington, D. C. 20546 

Dear D r .  Smull: 

LITTLE ROCK. ARKANSAS 

The l e t t e r  and the attached individual project progress reports consti tute 
t h e  semi-annual s ta tus  report on the research work supported by NASA under 
Research Grant NsG 713 t o  the University of Arkansas en t i t l ed  "Investigation 
of Laser groperties Relevent t o  the Measurement of 3 i f fe ren t  Physical Parameters" 
for t h e  period September 1, 1964 through February 28, 1965. 

In  general t h e  above period of time was involved i n  the acquisition of 
several  l a se r  systems and the in i t i a t ion  of theoret ical  and experimental evaluation 
of several  or iginal  ideas. 
others have been rejected a f t e r  t he i r  investigation. 

Some of t h e  ideas s t i l l  appear t o  be feasible  while 

Listed below are several  ideas tha t  have been advanced f o r  future evaluation 
r e l a t ive  t o  the f eas ib i l i t y  of using the various types of lasers  as an in tegra l  
par t  of a system. 
must u t i l i z e  the laser  i n  a unique manner, improve accuracy o r  s ens i t i v i ty  over 
ex is t ing  devices, o r  allow simplification of t h e  device or i t s  auxiliary equip- 
ment. 
been performed t o  date on the ideas presented below. 

To qualify f o r  investigation or  experimentation, t h e  system 

It should be noted tha t  no theoret ical  o r  experimental evaluation has 

1. 
to r r .  

A.pressure gauge tha t  would have a range from atmospheric pressure t o  

The operation of several pressure gauges u t i l i z ing  viscous o r  molecular 
drag is  well known. 
vacuum systems, but they have not gained a high degree of popularity because 
of t h e i r  f r a g i l e  nature, 
continuous readout. 
o r  impulse, and i ts  physical movement was a function of the viscosi ty  o r  molecular 
drag of t h e  gas within t h e  system, a c'rl gas laser could be used t o  monitor the 
act ion and i t s  variations with changes i n  pressure. 
t h a t  was previously perforned on the momentum detector, nay be applicable i n  

These gauges are  very useful f o r  permanent laboratory 

susept ibi l i ty  t o  mechanical vibration, and non- 
If a device were excited by a known force, e i the r  continuous 

The Doppler frequency work, 
- -  

t h i s  study. 
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2. A surface roughness evaluation device t h a t  u t i l i z e s  interference o r  
Doppler frequency s h i f t .  

I f  a uniform ref lec t ing  surface is moved through a l a s e r  beam, t h e  i r reg-  
u l a r i t i e s  of the surface, should give r i s e  t o  a var ia t ion  i n  t h e  nature of t h e  
re f lec ted  and scat tered radiation. If  the re f lec ted  radiat ion is  then hetero- 
dyned wi th  the incident radiation, the resul t ing s ignal  possibly would give an 
indicat ion of the d is t r ibu t ion  of t h e  s izes  and types of i r r egu la r i ty  by means 
of a spectrum analyzer measuring t h e  power spectrun of the heterodyned signal.  
A de ta i led  theore t ica l  analysis of the s ignal  detection problem would have t o  
be made t o  determine f eas ib i l i t y .  

\ 

3 .  Microphone frequency response cal ibrat ion can eas i ly  be accomplished 
using a laser .  
(100 KC) can be excited and the Doppler frequency pat tern produced by t h e  hetero- 
dyning of the ref lected l a se r  l i gh t  from the microphone w i l l  give a c lear  
indicat ion of the frequency of operation. As t h e  microphone excit ing frequency 
i s  varied an accurate frequency-amplitude response curve f o r  t h e  microphone may 
be established, 

Capacitive microphones t h a t  have high frequency capabi l i t i es  

4, A method of measuring the  angular velocity and/or acceleration of a 
ro ta t ing  device such as an ultra-centrifuge. 

A device of t h i s  type might be used where surface requirements of the 
ro ta t ing  equipment w i l l  not allow markings of any type on t h e  surface. 
ve loc i ty  would be measured by taking the l i g h t  scat tered i n  the direct ion of 
ro ta t ion  and t h e  l i g h t  scat tered i n  the opposite direct ion,  mixing the two 
sca t te red  r ad ia t i c r s  tcgether and obtaining a double Doppler frequency s h i f t .  

The 

5 .  A flow meter somewhat different  from the one currently being evaluated 
i n  t h a t  it would be useful f o r  both l iquids  o r  gases and could be used f o r  
“on l i n e ”  quant i ta t ive work. It would consist of a l a s e r  beam t h a t  has been 
projected through, ref lected,  o r  scat tered by t h e  fluid flow and the desired 
information obtained by the detection of the  frequency of the radiat ion tha t  
has interacted wi th  the f lu id .  

Sincerely yours, 

M. K. Testerman 
Principle Investigator 
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L Level Detection by Simple Interference Effects 

GI E. Cline 

Introduction 

Investigations have been carried out to demonstrate the feasibility of 

using varlous simple interference effects to create a very sensitive and accurate 

leveling device. 

interferometric device of this type because its surface plane is perpendicular 

A liquid must be used as one of the optical surfaces in an 

t o  the pull of gravity and is an absolute quantity at given coordinates on the 

earth ' 8  surface. 

Work Performed - 
Newton8 rings, created by conventional means, were mathematically investi- 

gated and observed with an optical comparator. Angular varictions of under 10 

seconds of arc arc readily detectable upon adequate magnification. 

contacting surfaces creating the 8ewton's rings are separated, the rings collapse 

to the center. 

contained in a cone, tilting the cone will cause the surfaces to separate. 

If the 

If a lens is suspended Over a liquid surface and the liquid is 

In 

other words, as the cone is righted from an off-level angle the rings would 

expand and atop, as the level ' 9  approached and realized. Mathematical in- 

vestigations of the cone yielded y;JrO [ 1 - lo'" n21 where y = height 
cos2 CY 

of liquid; Yo initial height Of liquid; a = half angle of cone; n = number 

of seconds of tilt. From the above calculations it can be seen that for very 

amaU values of n, the cone which contains the liquid becomes extremely large 

for a detectable change in the rings. 
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Present work is being performed using an optical flat supported a small 

distance above a liquid surface. 

fringes will be localized in the space between the surfaces. 

of the fringes are indicative of the direction of off-level angle, the number 

of fringes are indicative of the magnitude. 

sec. will yield one fringe (bright to dark) pattern across the flat. The 

sensitivity is determined by the diameter and flatness of the flat, and the 

collimation, wave length, and nonochromaticity of the light. 

out method involves a known initial tilt of the flat to form a small number of 

fringes. 

When properly illuminatedl ,2 Fizeau type 

The direction 

A 3.1 cm diameter flat tilted 1 

A possible read 

These fringes could be detected by properly oriented sensing devices. 

With the necessary servo-drive mechanism the flat could be positioned, with 

respect to the device being leveled, to maintain the relative fringe positions 

with respect to the sensing devices. If magnetostriction were used to position 

the flat, the current flowing in the properly oriented magnetostrictive devices 

would indicate the direction and amount of off-level angle. 

Another method that could be used to detect the number and direction of 

the fringes is to physically move a photodetector about the periphery of the flat 

observing the light to dark bands. 

the flat would be positioned until no fringes were present. 

a magnetostrictive device would again indicate the off-level angle character- 

istics. 

using this device. 

automatic level indicator is expected to be effected. 

With the necessary servo-drive mechanism, 

The current through 

The detectable off-level angles should be of the order of 0.1 sec. when 

In conclusion, a quite simple, sensitive, accurate, and 

' Oppenheim and Jaffe, "Interference in an Optical Wedge", American J. Physics, - 
24, 610 (1956) 

Born, Principles of Optics, The Macmillan Co., N. Y. (1959) - 
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A Cell f o r  Measuring the Index of Refraction of Liquids 
G. S. Ballard 

introduction 

The purpose of this project  i s  t o  invest igate  and develop a device capable 

of measuring smallchanges i n  t h e  index of re f rac t ion  of l iquids.  The aim i s  not 

t o  extend present measurements t o  more s igni f icant  f igures,  b u t  rather t o  bui ld  

a simple device f o r  making f a s t ,  accurate, "on-line" observations. Such a device 

could be used as a too l  i n  analyzing the composition of binary mixtures, i n  

preparing a mixture t o  a given composition, o r  t o  monitor a time varying process. 

Work Performed 
I_ 

The device under investigation consists of a rectangular c e l l  with re f lec t ing  

surfaces on two opposite s ides  and a movable mirror on one end (cf .  f igure 1). 

MIRROR 

Figure 1 

Light entering the  c e l l  a t  some angle of incidence fl is refracted t o  a new angle 

8, determined by t h e  index of refraction of t h e  l iqu id  i n  the ce l l .  This beam 

of l i g h t  is  re f lec ted  i n  t u r n  frola the first s ide  surface, t h e  moveable mirror, 

and the second s ide  surface. 

re f rac t ion  back t o  t h e  or ig ina l  angle @. 
As it emerges from the ce l l ,  it w i l l  undergo 

If a new l i q u i d  with a different  index of re f rac t ion  i s  placed i n  the ce l l ,  

the angle 8 w i l l  be different ,  and the l i g h t  through the c e l l  w i l l  follow the  

dotted path. The end mirror must be adjusted f o r  the l i g h t  t o  emerge a t  the same 
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point. Thus, the location of the mirror is re lated t o  the refract ive index of 

the l iqu id  i n  the ce l l .  

A cell  2 inches x 2 inches has been constructed and tested.  A He-Ne l a se r  

was used as t h e  l i gh t  source, making u s e  of i t s  character is t ics  of monochrom - 
X i t y ,  collimation, intensity,  and small beam diameter. The movable mirror 

was adjusted by means of 8 micrometer. The nu l l  signal from two matched s i l icon  

' v o l t a i c  ce l l s  was used +,o detect the location of the e x i t  beam. Measurements 

were made on several l iquids whose refractive indices ranged from 1.33 t o  1.58, 

and t h e  results agreed quite well w i t h  the values obtained from the calculations. 

A second c e l l  has been designed which vi11 span a range of refract ive indices 

from 1.333 t o  1.360 f o r  a one inch movement of the mirror. 

theoret ical  performance curve f o r  t h i s  ce l l .  The c e l l  i t s e l f  is  1 inch wide 

and approximately 10 inches long. If' -the signal from the detectors cause the 

movable mirror t o  be s e t  within an accuracy of 0.004 inches, t h i s  w i l l  permit 

accurate reading of t h e  index of refraction t o  the nearest 4 t h  decimal place. 

A t  present, these readings are being made within 0.005 inches wi th  water i n  

the ce l l ,  and refinements i n  detection and i n  r ig id i ty  of the components should 

improve i t s  performance. 

Figure 2 presents a 
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Alignment by Multiple Reflections 
J. McElroy 

Introduction 

It has been proposed t h a t  a cw laser be used as an alignment device using 

multiple ref lect ions between two plane mirrorsr Consider the f igure  below: 

Laser 
Beam 

MIRROR \MIRROR 2 

The laser beam would be directed through an aperture i n  mirror 1, which would 

be perpendicular t o  the beam. The beam would then be incident upon mirror 2, 

attached t o  t h e  object which i s  t o  be aligned. If mirror 2. is not p a r a l l e l  

with mirror 1 by an angle $,the angle of incidence of the beam on t h i s  mirror 

would be @. 
A s  the beam is re f lec ted  between t h e  mirrors, a se r i e s  of images due t o  

the  multiple ref lect ions would be formed, and as mirror 2 is brought i n to  p a r a l l e l  

with mirror 1, t h e  images would converge in to  one image. 

This converging action could be determined by a system of photo detectors 

located a t  e i t h e r  mirror. 

of movement of t h e  images, t h e  alignment could be made automatically. 

I f  the detectors were capable of sensing the direct ion 
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Work Performed - 
Some investigation has been made in to  the  probable sens i t i v i ty  of t h i s  

device. It is apparent t ha t  the s ize  of t h e  beam w i l l  be one of the  major 

factors  affecting sensi t ivi ty ,  since detection w i l l  depend upon determining 

t h e  distance between the primary ref lect ion and anyone of the  succeeding 

reflections.  For example, it has been found that f o r  a mirror separation of 

1 meter a distance between points A and B of 2 mm corresponds t o  an angle of 

1.6 minutes. 

smaller angles can be measured. 

As the  distance is increased or  t h e  beam s ize  is decreased, 

The divergence of t h e  l a se r  beam w i l l  a l so  l i m i t  t h e  accuracy of t h i s  device. 

Conclusion 

It has been concluded tha t  a device of t h i s  type w i l l  not be extremely 

accurate b u t  i t s  merits l i e  i n  i t s  simplicity and t h e  large var ie ty  of applica- 

t ions that might be possible. 



Measurement of t h e  Index of Refraction of Gases 
c. w. Young 

Introduction 

Some of t h e  e a r l i e s t  and most accurate methods of measuring the index of 

refraction of gases u t i l i zed  interferometric techniques. 

gas l a se r  lends itself readily t o  the various types of interferometry, it was 

Since t h e  continuous 

proposed tha t  it might be possible t o  increase the  accuracy of some of the  

present measurements by fabricating a very accurate, precise interferometer 

with a laser  as t he  l i g h t  sourcer 

Work Performed - 
During the  investigation it was learned tha t  many times it is not the  

interferometer t ha t  l i m i t s  t h e  accuracy of measurement, b u t  t h e  control of 

temperature and pressure t o  very precise values. It has been calculated tha t  

it would be necessary t o  control the temperature t o  within 0.001 degrees centi-  

grade t o  improve the  accuracy of present values. 

types of interferometers and experimental work wi th  some of t h e  different  con- 

A study of many different  

f igurations was performed i n  order to  determine if there might be a par t icular  

type of interferometer tha t  would lend itself t o  t h e  measurement of index of 

refract ion of gases where the  environment of t h e  gas sample c e l l  could be 

controlled very closely. A sat isfactory solution has not been found and since 

t h e  or ig ina l  problem has become an investigation of environmental control 

methods, the project has been terminated. 

A large amount of u s e f u l  information re la t ing  t o  interferometers and 

interferometry technique was gained while performing t h i s  work. 



Pressure Determination by Rayleigh Scattering 
P. C. McLeod 

The system f o r  Rayleigh scat ter ing measurements a t  low pressures is 9% 

complete. This system i s  constructed from 304 s t a in l e s s  s tee l  centr i fugal  

castings and hel iarc  welded t o  insure proper sealifig. 

windows are  provided f o r  incident beam passage and f i v e  equally spaced ports  

are provided f o r  observation of the  scat tered l i g h t  a t  angles from normzl t o  

- + 60'. The windows on the incident beam ports w i l l  be ro ta tab le  so measure- 

ments may be made normal t o  as well as i n  the  same polar izat ion plane as t h e  

l a s e r  beam. Pressure w i l l  be monitored by ionization techniques i n  the range 

of i n t e re s t  o r  from 2 t o r r  t o  to r r .  The success o r  f a i l u r e  of t h i s  par t  

Two ports  wi th  brewster 

of the investigation w i l l  d i c t a t e  whether o r  not cal ibrat ion measurements a t  a 

pressure less than 10-l' t o r r  are necessary and i f  so what t h e  requirements may 

be. 

measurements and techniques, some of which are outlined i n  the  section of t h i s  

report  en t i t l ed  Future Work. It is anticipated tha t  t h e  complete system w i l l  

be ready f o r  use i n  4 weeks. 

The construction of t h i s  system i s  such t h a t  it may be applied t o  other  

- 



Momentum Detector 
P. C. McLeod 

Introduction 

When a l a se r  beam is employed i n  a typical  interferometer, very s m l l  

movements of the ref lect ing mirrors can be observed as interferences fringes. 

If the velocity of t h e  ref lect ing surface i s  high, the rate a t  which the 

fringes occur is very rapid. For example, i f  t h e  ref lect ing surface is moving 

toward the l a se r  beam a t  a r a t e  of one centimeter per second the fringe r a t e  

would be on t h e  order of 30,000 fringes per second. 

is  t h e  Doppler method of measuring veloci t ies . )  If the movement of t h e  re- 

f l e c t o r  was due t o  a col l is ion between t h e  re f lec tor  and a small par t ic le ,  

the velocity of the combined pa i r  could be monitored as a Doppler frequency 

s h i f t ,  resul t ing i n  an effect ive measure of the momentum of the par t ic le  tha t  

caused the ref lect ing surface t o  be disturbed, provided t h e  character is t ics  of 

the re f lec tor  i s  known. 

Work Performed 

(This  technique, of course, 

- 
A t  the t i m e  t es t ing  began, one l i u i t a t i o n  was known, t ha t  being the 

frequency response of t h e  photodetector and i t s  supporting electronics.  

it i s  desirable t o  keep the electronics i n  the RF range, t h e  re f lec tor  velocity 

should never exceed 100 meters/second which is  equivalent t o  approximately 300 

megacycles/second frequency s h i f t .  During testing, however, a second and very 

severe l imitat ion appeared. 

op t ica l  alignment during the time t h a t  the ref lect ing surface, i n  t h i s  case a 

diaphragm, was being deflected. 

f a c t  t h a t  the t e s t  veloci t ies  were on the order of 100 centimeters/second or  

roughly l$ of t h e  allowable maximum velocity. 

with a mass range of 2 t o  122 milligrams resul t ing i n  a range of momenta from 

9.17 t o  14.00 dyne-centimeters. 

e f fec ts  could be observed was when t h e  par t ic le  h i t  t h e  diaphragm a t  the center 

Since 

The problem involved the inab i l i t y  t o  maintain 

The seriousness of t h i s  may be seen by the 

The par t ic les  used were spherical 

The only time during the tests tha t  Doppler 
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of t h e  l a se r  beam so t h a t  the beam alignment was not l o s t .  

I- 

/-Particle 

Detector I----+ Laser i___- 

Under these conditions very sensi t ive measurements of momentum can be accomplished 

b u t  t h e  device depends on an extremely small sampling area. 

techniques among other things were employed t o  remedy t h i s  problem; however, 

under a l l  conditions, in tens i ty  changes due t o  loss of alignment were serious. 

Conclusions 

Diffused beam 

Methods employed i n  exis t ing momentum detectors were reviewed t o  see i f  

laser techniques could be incorporated. It i s  doubtful t h a t  the use  of a l a s e r  

would increase t h e  s ens i t i v i ty  o r  range of measurements enough t o  warrent the 

addi t ional  complication necessary t o  incorporate a l a s e r  i n t o  ex is t ing  devices. 

Therefore it was decided t h a t  t h i s  investigation should be terminated. 

experience was gained i n  observing moving bodies by interferometric methods 

and other  uses of t h i s  technique w i l l  be considered since it allows the measure- 

ment of the  velocity,  displacement, and period of a vibrat ing body a t  consid- 

erable  distances and requires only t h e  re f lec t ion  of a l a s e r  beam t o  achieve 

these measurements. 

Much 



A past and Accurate Means of Measuring and P.d,justing Gas Flow Rate 
G. S. Ballard 

Introduction 

A t  t h e  present time, gas flowrate can be measured by noting t h e  time 

required fo r  the gas t o  force a bubble up a calibrated tube. This  is  presently 

a "h i t  o r  miss" a f f a i r ,  requiring visual observation of t h e  bubble's velocity, 

manual adjustment of flowrate, another observation, fur ther  adjustment, and 

so on u n t i l  the desired flow is reached. Th i s  can be quite a time consuming 

process. If the velocity of a bu5ble could be adjusted quickly, accurately, 

and continuously, an appreciable amount of t i n e  could be saved. 

Work Performed - 
An attempt i s  being made t o  measure t h i s  velocity by means of the Doppler 

frequency s h i f t  of l i gh t  reflected from the surface of t h e  moving bubble. A 

r i s ing  bubble wi th  a velocity of one cm/second gives a Doppler frequency s h i f t  

of approximately 31 KC. 

A He-Ne laser  has been used as a l igh t  source, providing a monochromatic, 

well-colliminated, intense beam. 

t o  be detected by a photomultiplier. 

Ample l i g h t  has been reflected from the bubble 

Thus f a r ,  the in s t ab i l i t y  of t h e  bubble 

surface has made it extremely d i f f i cu l t  t o  heterodyne t h i s  ref lect ion w i t h  a 

reference beam. 

c r i t i c a l .  

Also, the curved surface of t h e  bubble makes alignment quite 

Conclusion 

A device i s  now being constructed which w i l l  allow accurate alignment and 

more s tab le  mounting of the various components. Upon i t s  completion several 

methods w i l l  be investigated i n  an e f for t  t o  obtain a more s table  mixing of t h e  

re f lec ted  and reference beam. 

t h e  p rac t i ca l i t y  of t h i s  method of measuring t h e  bubble velocity. 

The results of these investigations w i l l  determine 



Long Path Cells 
J. B. Story 

Introduction 

One can use the  small angle of divergence of a laser beam t o  advantage i n  

t h e  construction of very long path length sample-containing ce l l s  f o r  the  measure- 

ment of weak opt ica l  e f fec ts  i n  a sample material. 

enough in tens i ty  f o r  accurate measurement a t  much greater  distances than would a 

divergent beam. 

of t he  beam. 

Nork Performed 

The laser beam w i l l  r e t a in  

The long path lengths may be at ta ined by multiple ref lect ions 

- 
Halbachl has used such a system f o r  the measurement of the Faraday ro ta t ion  

produced by a plasma. 

produced by the  passage of l i g h t  through a magnetic field. 

t h i s  area i s  not ant ic ipated a t  present. 

The Faraday rctat ion (of the plane of polarization) i s  

Additional work i n  

The i n i t i a l  goal of t h e  long path length c e l l  work w i l l  be the  develop- 

nent of a polarimeter f o r  measuring small rotat ions produced by opt ica l ly  act ive 

materials. Ordinary polarimeter c e l l  lengths are limited by beam divergence and 

t h e  resu l tan t  decrease i n  brightness. 

A l a te r  modificztion of t he  cell  might make it suitable f o r  measuring the  

Kerr e f fec t  f o r  only s l i gh t ly  act ive substances. 

ro ta t ion  of the plane of polarization of l i g h t  by the  passage of the l i g h t  

through an e l ec t ros t a t i c  f i e ld .  

The Kerr e f fec t  relates t o  the  

An additional application of the long path c e l l  might be i n  monitoring the  

contamination of an atmosphere. 

spacecraft  cabin, o r  it could be the  natural  atmosphere i n  a study of the  "smog" 

The atmosphere monitored could be t h a t  of a 

Paper presented a t  6 th  Annual Meeting, Div. of ?lama Physics, American lhys ica l  
Society, New York, November 4-7, 1964. 



problem. 

a t ,  say, the carbon-hydrogen s t re tch  frequency. Absorption would indicate the 

presence of lubricant fumes, polymer p las t ic izer  vapors, etc.  

In the case of the spacecraft atmosphere, one might use a laser  emitting 

In the case of "smog" studies one would probably look a t  t h e  l i gh t  scat tered 

by the par t ic les .  In t h i s  application the action of t h e  long path c e l l  would be 

somewhat different  than i n  the previous cases. The multiple passes of the l i gh t  

through the atmosphere effect ively increase the intensi ty  of t h e  scattered l i gh t  

from t h e  l a se r  beam. 
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Axicon Laser Alignment System 
R, L. Bond 

Introduction 

It has been suggested t h a t  a long-range alignment device could be devised 

u t i l i z i n g  a laser as a l i g h t  source and an axicon lens1 t o  provide a well- 

collimated l i n e  of l i gh t .  It was hoped that the  gradual movement of a large 

mass could be monitored over a long period of time. The projection distance 

desired was a t  least 1000 yards. A system t o  accomplish t h i s  was shown t o  be 

impracticable due t o  the  s i z e  of the axicon, power requirements f o r  t h e  contin- 

uous laser, and t h e  s t a b i l i t y  of detection over periods of several  weeks. 

Emphasis was sh i f t ed  i n  an e f f o r t  t o  devise a "laboratory s ize"  system. 

Work Performed - 
An axicon lens was designed tha t  would give a maximum projection distance 

of 10 feet using a beam of p a r a l l e l  l i g h t  3 inches i n  diameter. It was cal-  

culated t h a t  a lens  5 inches i n  diameter, made of material with re f rac t ive  

index of L.49 would require a cone angle of 177' 04'. T h i s  lens was made and 

i ts  calculated value of beam length agreed well wi th  the  experimental value. 

The qua l i ty  of the  lens was not good. A great  deal of l i g h t  was sca t te red  due 

t o  surface imperfections and poor quali ty opt ica l  material. 

Conclusion 

The m a x i m u m  projection distance of the  axicon beam is d i r ec t ly  re la ted  

t o  the  cone angle of the  axicon and the  wave f ront  (plane o r  spherical)  entering 

t h e  axicon. For a projection distance of only 10 f e e t  a large cone angle is  

required. Increasing the  diameter of the  lens  and impinging beam would increase 

J. H. McLeod, "The Axicon: A *ew Type of Optical Element", J. Opt, SOC. of -- Am* 44, 592 (1954) 
-- 
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the projection distance but apparently, a well designed gas laser is superior 

to the axicon-laser system for alignment purposes over short distances. Thus 

it is seen that an alignment device of the axicon type would be of little value 

for the applications considered in this work. 
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Variable Optical Delay Line 

J. McElroy 

... c 

Introduction 

It was proposed tha t  a variable opt ica l  delay l i n e  be b u i l t  u t i l i z ing  

multiple ref lect ions between a pa i r  of plane, f ront  surface mirrors s i tua ted  

i n  a para l le l ,  face t o  face confieuration as shown below: 
Mirror 2 

d 
i 

_. Mirror 1 
L) u 

A ray of l i gh t  incident on mirror 1 a t  an angle @ w i l l  be ref lected a t  

t h e  same angler 

mirror 2 a t  t h e  same angler 

Gince the mirrors are para l le l ,  t h e  ray w i l l  be incident upon 

The distance traveled by the ray dur ing  one round t r i p  (two ref lect ions)  

is 2d/cos@. 

B, t h e  distance being 2d tan 9. 
During t h i s  time the ray w i l l  be displaced horizontally from A t o  

The number of round t r i p s  tha t  the beam makes 

between A and C is  given b 

The t o t a l  distance traveled by t h e  ray is t h e  number of round t r i p s  times the 

distance traveled per round t r i p ,  o r  S = L 2d L . The time 

required t o  t r ave l  t h i s  distance is t = 

l igh t .  

, where L is the distance from A t o  C. 

2d tan 3 ='sin$ 
where C I s  the  velocity of C@ 

Work Performed - 
A pa i r  of adjustable mirror mounts was fabricated and attempts were made 

It was found that, f o r  a l l  t h e  reflections t o  t o  create  a predictable delay. 

remain i n  a plane perpendicular t o  t h e  re f lec t ing  surfaces, the mirrors &ad t o  

be of high qual i ty  and adJusted very c r i t i ca l ly .  

t h e  Poss ib i l i ty  of using spherical mirrors. 

The next s tep  w a s  t o  Investigate 

I 1 
i I 
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It was found, however, t h a t  Kurnitz'had used a similar method involving 

spherical  mirrors with good resul ts .  

a reduction t o  pract ice  and the e f for t  was terminated. 

With t h i s  information the  project  became 

' Kurnitz, Abella, and Hartmann, -- Phys. Rev. Let ters  - 13; 567, (1964) 


